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Abstract 



An electrically operated memory element (30) includes a volume of memory material (36) characterized by a larqe 
dynamic range of electrical resistance values; and the ability of at least a filamentary portion to be set by the 
se ected electrical signal to any resistance value in the dynamic range, regardless of the previous resistance value 
of the material so as to provide a single cell with multibit storage capabilities. The memory element (30) also 

£S?ISS: ?* P Ja ° e 1 t 1 ■ ^ em0fV materlal (36) ' used as a diffusion bar ' ier to inhibit foreign material 

^££2I°Ji e memor y material (36) and 2) a thin-film layer (32, 40), preferably a Ti-W alloy, disposed remote to 

t^l^Zliu^s^ " bamer t0 a,UminUm el8Ctr ° mi9rati0n ' diffUSi ° n and an ohmb 
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( i ) rix^xMr/ifiWjA v> iij^flsuH (2 ) ti-^mx-jjm u 

tfiflitf) a %<b 1 otcassir It, b;i/;rdta*^t«» tf «y h &#(mul tibit 

storage)j^j&fl#?-5^^ ( 3 ) mm&M(Dim<Z)t&&imimt> *) & < 

m t 1 a ftfefam <D mmun t , 

, Ti, V, Cr, Zr, Nb s Mo, Hf, Ta, WS(Jt?n&OS^*L 

, o, ai, si, p N ssvjeti6®ffl^ft*u<tt^^e»a*?*iii2tt 

2. »«UT*«*"&fca9ffi*l«3>^^.hJB*J, Tit, C, N, A 1, S 
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5. m%Lzwm$Kjzmmm-i>9? bMv, 4ox*t^^ 

6 . ig& l x mm zvtz m&mm =j > * * mb#, t i % s i & t>* n $ ^ ts , 

8. ^UTifl«^^fe^jgB^n>^^ hJl©/?^A^ ft l 0 0 A&^L2 

9. mmvxmmzvtzmimmoiytPbMomfrfiK i*j2ooa&vm,i 
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1 3. mtmmmm^yw bm®mfr&, mi o o a&^l4 o o o kx$> 

1 4. Hul3jSISl»fl|3>^^ hMomfrifis ®2 0 0 0 0 0 AT& 

£k ff#©fSBl 3 tCH3a®BBIi^^o 

15. 7 4?*>Y&mm^fflfi, mmMmmm&mtmmz#uxm 
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17. BufB^^7^> bg«P#©#, 1 0 A&^Ll 0 0A©j¥^©^<b^ 

Eaciatt*?. 

20. buIB? ^ 7 p<> h SPffflfll^Stf, i?;^- fe > ] • T% ^J30~40%© 
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«|i.t 1 9 9 5«/j 1 9 I IM^iri^.^lJilM.igiO 8/4 2 3, 4 8 4 >j© •« 
ZO^BWMHO 8/4 2 3, 4 8 4 %& 1 9 9 1 1 1 Jj 7 0,W© 
*M/ilM 07/789, 2 3 4 ^ &&<D*mm- 5 , 4 14, 2 7 1 % ©-g|5 
o©«i0 7/7 8 9, 2 3 4 ^ttl99 1^9JJ30Hffiro 
«W0 7/7 6 8, 13 9%, ^0*HI^5, 3 3 5, 2 19%©- 
&mm&Vl 99 1^8J11 90^0*0^110 7/7 4 7, 0 5 3%, M& 

<D*m&m-5, 2 9 6, 7 i6^©-Mi^t), -n^o^aiuno 7/7 

6 8, 1 3 9^M*Ba«0 7/7 4 7, 0 5 3 1 9 9 1 4* 1 £ l 8 
HtBIi©*H!ljli(0 7/6 4 2, 9 8 4%, 3S£©*HftfF5, 1 6 6, 7 5 8 

* hmvmmhmmizMtZo 

^ E E P R 0 M©t*#fBftfci 7" * D ^Stf 7 s * ;b© V> ftUDftmi! & rT^T & 
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im «c ^ a» & m btzt*ire*>&. * %w<n r i'kjct) £ (c « "iidts 

^T(memory elements)" £; control elements)" tmmtit LT 

§«^H3itffl^t#iJffi-rs-Wj^m^tts ^J^«, 1 9 6 6^9 
^eB^fTOOvshinskyO^a^fFS, 2 7 1 , 5 9 1 ^RV 1 9 7 0 
^9£2 2B^ff©Ovshinsky©*B^fr3, 5 3 0, 4 4 1f(:i^ 

wtmm%Aizmm$hT$>t), m%(Dmmt0mtzzt\z£t)z.z\zm& 

(WTT-fi "0 v s h i n s k ym$" o 
£ft£<7)0vs h i ns ky^fFfc^^ti^cta^s Z<D£ o tammtUn 

^^M^^m^m^m^mm^momxmumzw^^^^tt^mx 

$>Z>o -f&fc>-£>, Ovshinsky» %(D£.o taMUcDMU&Otttf] D $l 
ray scale)" l;3$fii»-e& Df#-5di:§^LTV^o Ovshins 
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y ir i x o Mtmm tz &m £ n & 0 a- k -r jxtfrt, v^m*. mz, 
mmts m&co, »^ + ^^ram (dram) ^§{^1-50^ 

R A Mfr <b r- 9 LSgf SD§[/ii(C <fcoW ^ n ;/n -tz y tf<JDSfjg# 

f?«**5^ -^RAM (SRAM) ^.(CtBUAnt-acih^x.fffcn-So 

ovshinsk ymmzmm^n^mumzm^ 
m&mmmmmmizit, ^\^m<mmm^mtmmmtmmiz, ^-r, 

^^ 7 7^>^ DRAM, S R AMMV^ y h 7 7 y ^ a ^ t U ^ ^1 

^gv^mmm^ ^>^£^ ; (i i) mmmmz^mm^t^Bz 

t®iz<&mk£K&km($^Ati^*)l3c-(D>&m i & ;-M (i i i) (#£ 
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z$n*<niz&n&\tm)m^*)i*-xj)T>&z. } ovshin.sk ymnz 
Mm ztiz m<m wmmu<d *<{ > m & mm t m si r* & ^ £ <> ztn?v> 

-fe^K/TKi/^ • zizttTzxmmmmmmzmmtiZo 

to 

& "^t^HB'd^^^A (universal memory system) " SiiJttSf- 3 <r § pjf|(3 
ZKMtl (10^(10 trillion)1M*;i/jg) &^L&#£, ruy^xyy 

(o. i^^u2i-y^i-;u5fe?i) 0 sfc, mm 
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, #4 * ^ X© £ e> & £ »'J> 1* 7 4 y=f- v ^ jjfc^^ t>*it -f * ;b 7 -f 7 £ !f/ 

PimttmcDwmRv&mihit, m:Mmnz.7 4v 

EEPR0M©i5ft±fi HfflWCtt, 7D-fo 

DRAMMSRAM, J9&ttiBtt$ll, M7D- 

(real estate)" tt*#C/j^ < N *titz*t)*m#nznm&<Dtim*9 71fim 
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T-MUT^So ill AT, C 

ft 6 © IS^ffitBtt^Ctt. Pfr & ©ffitttitt C r * -fe * <T 5 tz jigTEfc 7 - ? 
ii^&ff o©Cra^A-n' ©tll(|!)!5:#l§gt§r ^ X ^ ^ ^ 7°i: &MM 

^ X J- A {3 cfc o T 5£IB£ ftT V > S rfTii©IIHl$& J/i7^fi)S 

ffi^l8*$nfcl3tt«tttt^JR-*ajt^UD>-^jR (MS M) *^I3M 
^f^tWoRose^ "Amorphous Silicon Ana 
logue Memory Devices", Journal of Nnn 

-Crystall ine Sol ids. 115 (1989), pp. 168 

-7 0MJajto?), "Quantized Electron Tran 
sport in Amorphous-Silicon Memory St 

ructures" N Physical Reviftw Letters. f|6 

6# s !gl 4-«§, 19 9 1^43 8 B, pp. 1918-2 l*^m<DZto Z 

©MSM^'f yf-itwmtemntftitz&m^y** h^pm$mm^>v^> (a 
-s 
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'VlZizMLTimWtm ( 1 0- 1 0 Ons) (D-^j-ayzj y5-->^«£ 

^SFt^WS^WttWttt^WfclW^^ifttt^^ft^ Rose 
Ha j t o ^MSMIBIt* -f y ^tt*56W©iBttlR^<7)«^fl<J^-f 

Rose ^MHaj t o e>©MSMgBtt:*>r y^fc*»l||©*&ttffitt*? 
£ s MSMIBttW'T yf-Ofc^j;*^ f*->^#tt8:, ^©^V^^h^ji^ 
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'>«c < t *> i 5) ®*tfwra3 o o-;-y#, 5-1 fStf^ h<7)^;i/x#;w y ^ 

fc^ Rose^it f'JfflqTtg^fgMffl©Rr^$Qiai(dynamic range )#*<D±SBfB 

<D&m%LW. (metallisation) i:{i^±(3^||^T-^ t) N -f&fc^ £M4I£H 

r#tfil$l*!f& tK lOa-S i ^©&JB©M&|&J6e < LTJ±>W 
>^&£t;&^o Ha j t o^©iA4#i©;t 0 Zftt>h\±%±\zMm%m 

Rose^MHaj t o £©fux&07Hfffr £k v^£2Hjfe£tf>« L 
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(cft-^-r § o tem«tm*m sv. %<d mm *tie> ntmmzmt £ -it a & 

> V r n -fe * M «:|55| '-/• L^iOo 3 (Dim &&I 91 f § © £ 1' #t-MTO© faf I-:© g -ft 
^«cC^(i, Ro s e^t>*Ha j t o &fcfcoTtt«&©S3tt#*4©*;WCfl f l 

*l 5 Rdtt ^ 7 t A tt N ^ tl#g£*tl© IBtl ^> * t 1 A ©£T ©&;£ C JR t) |fl £ #> s 
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amic range)^t>*i£$(b:*y h U-fru\iJj(mltibit storage capability){CM^r § 

(large scale archival storage e>ftS«£-2Mr£M-c&a 0 £©*S5£ 

■CfflV^ixfe*^ EEPR0M{«£©3>tfi-*^:rA© (»&fcL< 

K "5"f ~7<D E E P R 0 M ";\— f>* F^-f T'©gt$;L0± 

^KlT£&©© 1o-£&3£:#>, £ft&#KW^©j^&®T-&£ 0 Ufc^oT 
s C U *ft£J: 9«^©3fe«S D ©n >fcTi-*©&ffll$H 
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•5) o 

E E P R OM77fgH3tiHfi©^ 5 CStfOHffttffllHMotf^a*/*!*^^ * 

RTZZt&l&mtZ-C&Zdo EEPROM*s=i>bfa.-37©i|3fi^gx« 
H^fBtS^SOft^fc LX, i-&t>*>, DRAM, SRAMXttVRAMCDft 

fc> 0 fcfflv^ft* E E P R 0Mt3it*Slfl«jfiJ(|l©*&a*/«*-b--f t A,? 0# 
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tzo miHv)**- 'v^eepro Momm*** u 4 k ^tt^TO mtixu&v 
i©^^ ¥mftMftximwmm<Dtz&®mtettmt[sXte%tfx 

ZZlZfo, XJ v3->?mmzM? 5 ^(switching current requirement) 

^^.—fe;Hafi^^( single cell memory elements)#^£ft£ 0 £ft£>CDi3 
(orders of magnitude higher);* 
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<&mw- 1 .1 - 5 1 0 1 7 

WWi f ( local atomic)&tF/^«',^(electronic)Uc^(ordep)co, &&?l%lz 

iW^riiita^^tt. '>&< h 2 oco*^ii£^,^^ «o cfc 5 C « & auwrn 
)yi( local orderOM mXf/Xte&mWm^W »)^x.-g>C <h 

f > ^.t. ^;i/^-C^|^»^(or(leps of magnitude of improvement )& 

% m -a » j & & if & ^ -r * T- & o 

m-z&Zo zo^Mmmumte, niz^m%&r*&*)s mm^vyu^^a. 
&u&#£>, tet/obmimzy-^ z)izu*)Mtzt (m%&frRmm% 

*8W©-J!gfiatt, *m«J£m»?-*, figLh*Sqrt&& % tRK^K 

^a-r^#^©^g®iBti#)fBi$^$f 0 coiBitimf^ (i) siAqr^iBiso 

> 3iif?^tife^A^fg-#^^^LT^qr^$gia(dynamic range jF^O^^Ojg 

^ M^tifc^ff-sfficJ;!^ 'J>& < b§ 1 o©7 >r 7* y hgp (filamentary p 
ortion)§^qT^$5H(dynamic rmge)ft(D^fr&z>}&tfimzbm%.tZ>mt>tZ 
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w hmzmirfZo hmv>ft'-?&. mmmttmimmbzw 

w$&tzm\m%miitz>o c©im>BTO/©^&< t% t i N v, c 

r, Zr, Nb, Mo, Hf, Ta, W&TFZtibamtiQlb L < fcfc-fr&fr e> ft 
Sift «fc D aiR^tia 1 Jffifc L < &**xW±© 

B s C, N, 0, A1 N S i, P, S&t>***l£©M^fc U<&£Nfe 
>( titanium carbonitride)Xii^b^^^f-^ Xtitanium siliconitride)£ 

-MCX-Y7 Kl/^IRCSttt" *©*»s^r« 

^©cfcoKg^-f 3©*p#^t-o 
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^W^Efftsfcr-^PiJe^n-SGe : Sb : Te^ -jcWSm 
H6tt, iae©Ge-Sb-Te*©3o0=7n^©JR^jfiiMft, 
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e ,5 S 2 A s 2 Xtt T e 8 , G e 1S S 2 S b 2 Z'$>& 0 Tett? 0>*g^KJKfc:fe ^Tag 

^@2S^ 6 ^Utt Te7^7^>h ttJ8©«f U V ^SW^H t fc ( local ly con 
centrated)M^@BS^©TeM^©^i&(migration)^^t bfco IrH$£, # 

^^^^ K^^7^>h^« s #^M«s^M^nfc^ iitt7-f7^ 
mz-vm^o&M, u>&5uzmmm&, &*<Dm-&£.j&^z* 

**8UB#e>fci\ «f«©*^3^-f K4MW«mfc:*3<^ m*ft£J|&3M 
§ (iTig&gBtt&tt C £ £ ft Z X <{ y ^ > y B# fflRV )v A7J © 

;®<Dmmx\ ^^^^-jvo^^-xti^m^xw^m^^zt^x^^ 
? v 'wzz (mmitznxiz^tti^tLxb) mmzzzztz^vx^ 
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*#»©fMlft^riG-r««dMR?tt7n*tt % Te, Se N Ge s Sb, Bi, P 
b, Sn, As, S, Si, p, Oatf*ft&©S^fcu<tt^&frC:>fc*# 
«fc&»R*ft*7n**£&. <fc!9$?£L<fci N »&«7C«ttCr. Fe, Ni 
XV*ft&©£&©$B£#lS^ *^y>7C*ttTeSVSeS^tt 0 ftfc 

»V/XttSeft$trXt±^*«:V\ Te : Ge : S b^iC^V^TWTCttW* 
ftT^£ 0 

im%m<Dmmizm^zhzmftm**m&&&, «m±m?mione pair 
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* 

fcWf^^^ m$M-y-mts m.(mi,mfrizmt>t>*u 

^^-OlWC^f^SUL, <po*4 L«» Ovshinskydio 
TlII/Jt||i$tif;J:ai; N Btt&ffi^tt 1 3 o^frjj^center bond 
ing)S#-r*RTffitt**»D> Kastner, AdlerMFrischeC 
«fcoT^*ft*«fcdCCftfeCttJg^Hffi©H3a:*#(valence alternation pairs 

BttttfcHU cicitcttW^ftS^^wi/^ttfliim^ttJBiTf^fig^ftfejg^ 
l^§*tS. TeCli4i0p^« u Tejg-?#p^©£ft£>© 

^£^t?$LiiT*&3££{::&E£ftfc^o dftfct fMSV^vz^AI? 
©^£fcfb¥Sa&tt«ga£:fc^-t\ ^©^»fiK^ftTVA5*S^|*I^^5)^© 

i;u^zk*^e>^ftscifcK:**ttllK:i^»r±*c^»t-s^|gtt^*5fe» 
*»> C©jeai4«5fc«ItTet*tp ($J5 2%<DTeRV4 8%OGe) 

i ft Mj-r s § ©t- v> £ t x § (Dmrncomm^m 
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<s »*b<tt^2 0 0 0Am <fct)$f* U<tt^5 0Afc^U5 0 OA, S 
b!$£V<l*ffi2 0 0 A&V^U&4 0 0 A(D#-y-z-&Zb(Dtm b ?>tL5o 

£ tz, xmmmftimttmfr zmmzntz 2 m 3 0*- ^ *;i/¥#&gg© 
tit- « JpftjfettiB-e ) u» 5 c: t tz $>%zt # mfcB * tix ^ 5 0 
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TttmjKmnmbii^mmmvtiimikyj x&m 2 000 kz&zfriz-f 
\»\ <o ^ -mzMM0Mm<nm&T:,!b%m 2, 0 0 0 l 5 , 0 0 0 a«i& 

* *i ©*gffi#*<*Rj|5-e & V > mtt<D w'm U * * h h © "mi ( character 
istic dimension)" (Dv'Mh l/T&iMti-So 
*»]©&«£$?- 3 T e G e S b#»^7^©JSS|fi^JI8t*H-««lf4Jt± 

ff©Te©¥«ti7 0%£*£<T[nl'K mMft£&m6 0%%T®t), - 
»tcra{C^OT^2 3%&IM^J5 8%©Te s 1*.^ U<TO4 0%>5: 
^U$J5 8%<DT eb^om^m-C&^fzo G e©$tgfcJ:,#j5 %£±H] tK - 
ft£tt5 0 &oo % *0##*^£<£?jfc8%^U&3 0%© 

/t— fe^^-y-CabSo Ifetfot, C©MiTe a Ge b Sb 100 . (a+1)) ^# 

Te : Ge : S bO=7C«J!60*ia 5 izf^to Te N G e&t>*S b©}§^&rg 

> jnUGe, Te#£>*Sb N -^Yb^tlG e T e&t>*S b 2 T e 3 Ml>*iC 5*131© 
r^E^^fe§„ ±X(DE.7tm(D^mmmitmU-7tG e T e - S b 2 T e 3 
7>T>±tcmtK 0 5t:^$n5=7CttJI8ia±K:#fiS^A, B, C, DRUE 
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# 1 

TeGeSb*<5|*snft = tc A « ' 

T e CO JET g _^ 
S 0 
5 6 
5 6 
5 7 
5 6 

£ftfcf3fg#**i±T e - G e - S bSBtt-&&®*B$*lfcJ£»fc«fifcf S. 
*ltt, Te, Ge, S b&tfiW&Jf& (T e a G e b S b 100 . (a+b) ) C TM 

Mii lSsfe) U < tt*ftW±0»£&jRT<& D , a&tfb fcfc£#T e - G e - S b 
=7C^(3-OV^t±{CittB^^tl§it»3T-*Ds frocii»9 0fc^U&9 9. 5% 
TJftSo d©a»^J|ttt N Cr, Fe, Ni2fcV*ft&©^©ffl£'tt##$ 
U<$*n»S« i®*K:S$*Ji*ffitt#»©ft#fl«j3&:0!|tct± N (Te 56 Ge 
22Sb 22 ) 95 Ni 5 s (Te 56 Ge 22 Sb 22 ) 90 Ni 10> ( T e 56 G e 22 S b 22 
) 9 5 Cr 5 , (Te 56 Ge 22 Sb 22 ) 90 Cr 10 , (T e 56 G e 22 S b 22 ) 95 Fe 5 



HLM G a <d I* ± % S b co jg t 9* 



A 4 0 10 

B 2 6 18 

C 18 2 6 

D - 14 2 9 

E 8 3 5 
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, (Te 3(i Ge 22 Sb 22 ) w Fe l0> ( T e 56 G e 22 S b 22 ) M Ni-Cr 5 , ( 
Te 5(i Ge 22 Sb 22 ) 90 N i. 6 Fe s , (T e 5fi G e 22 S b 22 ) M Cr 5 Fe 5 B 

»2fck Te, Ge, Sb, SeMI^I$ (Te a Ge„Sb l0 „. w 
) c TM d S e,oo-(,rtd)©it"<?^3B«*r#4t?*»)> d CT*Tf«^&iirff-T"#? 
$t5H 1 0 0 %£:&£Jj§BVi— b>r— ^Ifft D> TMH ltt* U < iiftitt± 
Wilt'fe^ a&t>'b&S;£Te-Ge-S b=7n^£o^T±lciiagJ!& 

%T*fe£ 0 C©3I^JBSt:t4> Cr N Fe, N iRXf^ti^(D^(DU^ib^ 
£U<lt£ftf#3o C©mi3^$n5IB«^©^<*:a«j*^Jt:tt, ( T e 56 G 
e 22 S b 22 ) 90 N i 5 S e 5 > (T e 56 G e 22 S b 22 ) 80 N i 10 S (Te 56 
G e 22 S b 22 ) 90C r 5 S e 5 ^ 

(Te 56 Ge 22 S b 22 ) 80 Cr 10 Se 10 , ( T e 56 G e 22 S b 22 ) 9 oFe 5 Se 5 
s (T e 56 Ge 22 S b 22 ) 80 F e 10 S ( T e 56 G e 22 S b 22 ) 85 N i 5 C 
r 5 Se5^ (Te S6 Ge 22 Sb 22 ) 80 N i 5 F e 5 S e 10 . (T e 56 G e 22 S b 22 
) asCrsFejSesftf^nSo 

1§r£&, MTlzmWZtlZ 'WSft^'^compositional modification)" 

xz<D-rti%mw&< ztifi-eg&o zzxm^^n^m^ "^^(non-v 

olatile)" ^V^fflsg(^ m^.mkWT-ti j ;VlMmmM®lZ-fe(D££~(; 
&Z>ft?&%mto M^titz^-cD^-^y^ "■fti(drift)" 
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<DHmMm%W& ZmmW, l0Te-Ge-Sb fXfefr £>sfi2cQTe-Ge- 

Wfcflfctt. -®t©Ge 14 S b 29 T e, 7 i?^nmX'(DG e 22 S b 22 T e Be ^© 
**H\ #^i««ftST e-Ge-S b^M^tlS 1 % b < tt**iJBU:® # 

Ml*. Ge 14 S b 29 T e 57 £lFGe 22 S b 22 T eu<D&ftM<DM&$tsttfe{tm 

-©il^b^^ffl^^^e<j^^#:a©IBM#^ (1) Ge 14 
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Sb 2 ,jTe 57 &tt*Ge 22 S b 22 T e 56 cD£jgaM/# (graded composition) tmm 
f h G e 22 S b 22 T e 5 6^>flS^IM( discrete layer )^^tf#^a^§t5it*f^<h 
s ( 2 ) G e H S b 2!) T o 57 SO"Ge Z2 S b 22 T e 56 ®^ IBM (graded compos 
ition)#f£M f S G e ,„S b 29 T e 57 ®«IlS(discrete layer) %^tmfefam 

S#»K*tt<*ftT^*. £©M*mi^ Ti, V s Cr, Zr, Nb s M, 
Hf s Ta, W*»f»S:*»«fcDaiR**l4 18*©7£^ StfB, C, N, 0, 
Al, Si, P % S^&&S^<fc0ig^ti*2SIS©7c*t^tf'fb^^^ 
M^tiS, HSti^&^Tfcis c©BISi»M=i>^^ hJf©'J>&< 
gfb£t** L *>&^/c&3 0 ifJKit c©»S*ttn>^^ hJI©'J>&< 

fe> M! N mi 0&^L6 0%©^#>, 5fc^U5 0% 
©Ifcf&avi 0&^U6 0%©MttDl^£#«fb^£^T&*. iPx.T 

> d ©g-fbjBcJR^ £ >( titanium carbonitride)&4 0 %£T*©7.klt£^3 A,T*l^ 

^Xtitanium siliconitride)£^A,T*&£ 0 ^©iit^^t, £?£L<& 

> $Mg?lMJl©'>& < JR3^-- $jl 0&^U6 0%©?- 
*X 0%©>r>f fH&Vl 0&V*L6 0 %©g#H©«£*-r.S<fb£- 
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«i w s & n fc m mm z i r r s 0 

0 OOAOSftCJti^ts. «fc&*F*U<tttt2 0 0AfcVM,l 0 OOAof 
£ft£©»W*JK*©5*tt, Ti, WMMo*A,«:5fflf < kD01It,b<H: 

ft*. C0Ti-W^I32M4Oit *?£L<B\ DC^^U>^ 
*^D-fe*&fflVvCii«£ttS 0 cn6tt»*U<ttWl 0 0A&IM.4 0 0 0 
k(DW-fr\Ztm-£*kZ> 0 «fc 0^U<i^2 0 0 A&HL2 0 0 0 Aojp^^tf 
#£tf3o Ti-W^I3 2W4 0!iItif;t-A • n>^^7 h 

s xizfo^mmm (cvd) t*Dit«i$*5c:i:tf-e§ N <b¥tomm&RFy 
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unit, ®t>nf%b<tt, RFz^v9v>'/mmmz,ksm%i$ti?>o 
■xn-j kjs3 6<DRF*/iy9 u > 's&v&xa wsmttmto ^*-?iz* 



£ 2 



R F X A' y 
A» 5 * - ^ 
£ JE 
X A v $ V > ^ 

# X ( A r ) JEE 

JH & tic 

* m m m 
mm 



u > if m m n ? * - $ 

8X10- 7 ~lX10- 8 )>-^ 
4 ~ 8 5 U h - )l 

40~-6 0 t 7yf> 
1 3 ~ 1 4 M H z 
0 . 5 - 1 0 A / # 

2-2 5^ 
250-1500A 
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& 3 



M % $ fcl 



1x10 



~ 5 x i o 



& £ ft! i£ 



450-600 °C 



* at it m 



4 A / & 



mmmm 



2 0ft 



250-1 500A 



1411$ 



MMUBl^ 3 0 Ot: 



©JffcJ\ ff*L<tt»2 0 0A&VM,5, 0 0 0 A, «k t) U < ttift 2 5 0 A 
&^U2, 5 0 0A N M$>Uf£ L<im4 0 0 A&^U 1 , 2 5 0 A©Jp«frT±f 

uutffll^ll^i^ 'Mffl?LI£(pore diameter)" hv>5ffll§«\ -jfetcii 

x teti#*43 6tt^>^^ hJf6&^8£©^&/h£&g^«©¥i$®T® 

Sm-TSo IBtt«»3 6©«B-JLgH:, «»©^tCtt|||S±0lHBa«4*v^ N 
ftl &^ U 2 v>f * n p< -^-i#c8|-eft 4. £©ffi$«tt*m©fSIS©***J&i& 

x £ ©sea^H: vv?774 <DMfcmftifi&&t a is & v^*> ©-c & o t * 



- 31 - 



11-510317 



3 6 ommmr- *u< i v -r * □ * - * -max & u , * j& iwta# 

fi«t5o WLflfct, d©*^ yf-^ytmifim * y^ttfflUc 

&ftm£<D*% t mmm&m^x, mmz^mRu/^um^nx^?>zttm 

9}3j;oTji^ftrv^o 

»j«i*fta»^ti4 N a^©«*©ttH*«afc#$ft5tt«^#«-r*o 
^ts&ire&So m%.^*)i'ir-/mm/mjEzm>Mbtztcisb, i 5 o oa 

(Dmiz 7 4^>* y bMM^mi confining means)4 8 £^S#^<7)f31ilii^ 
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fct &#f&»£&Yi\ ^^ns&^/ia^ (-try h/n-ty h) ii^oasm 

MJDI l/lj (DWh^jy^ v& i > ffitfj ■ ./»pfl £ # f 3 f - £ & lit- * * 
^> filamentary Portion)T?$l;a«fc5US«3ft, £©7^i7^> hjft 
C <7> HLIta ^ T vU^lfttl/^jEtS (electrical formation)!^© 7 * > 

-¥xe>ti^o *IB»K:tti:©7>f 7^>h^«^gj±_, WIHS*v>Ti2B*nfc 

^lt&'k itfut^ mestizo*? h tm^mommumtom^zc: 

3 0%£-£©zkHJI^ (H) Tf*a 0 

formation process)" £:fe^T*©!ftft|£*fc*. COi^M/Dt^tt, 
t*V> "M£(virgin)" ffi^ffi*^^ t)^£v^Jg^^ ! L«ttOD#^^-?)^-eEPAat-§C 

3 ©M/n-fe * t±, 7o^>h Uii^&(conf ining means )fi<b-{r-f H$i 
mm* "^(breaks down)" 
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izm%®^ vmwAmimz'Mitv, zom^m^rm^ 0 %®r&m*-j< 

izm^ntiLfimtiaztitzM^ *<DmM<D±x\zz\<D7 j =>*y h»#&M 

mmmmimmz^^ 0 
miiz^tfhzimm?iz&®myn*zT*Bi$ l ?z>zz:&r%z> 0 ji 3 2, 

g§D©Jf 4 8, 3 6, 3 0 Jf 3 2, 34, 36, 46, 4 

^#OS»Clt**n«©H:S i0 2 XttS i 3 N 4 ©j»«*m3 9®ST^§ 0 

1 2®^(qI(CSfi(Cj£^f), ffl^CDffitg^fcOX-Y^'J «y KgiR*^ 
£^3o £©3S£&-fM*fi£«"3*©ttS ijN 4 ©<fc5&j)M£f*Jl:tfXfci: 

^\^^zt^mm^^7m^(D^mmmiznbxz(Dmm^m^t^o s 



- 34 - 



mm.w- 11-51031 



Af>c, (i) cmos mtptrm? ^FtA^^rH %m\z >\-Mi 

o (2) CMOS^!?.!^ *tiP>^«|t--T-irii Lt/mr-Sfe^ ZZ/luIfC^T. 
*&«c4ffiffl&V»iliBt±*a«r|ff5, 1 5 9, 6 6 1 ^\Zmt!tlZ& »K dftfct 

^ 7 * ©it c «fc o x © foffl eg $ n a c i: & it * -t § 0 
*i»^iBtt^ : f©MriiJSciss©±siiasia2 izm-r* ^ztiz&oiz, umit 

~%mizt% 0 zmmit, nizmm*? ®t Z Mzwmm*mm.tz><D 
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mmisj rry h (DVA-xm\x*fo&m 3 it, n *- f &/uv>t tyot.o izmmj 
im%?s j >ztfitz<%%(Dfr$:xt« zommts tmv < it- k 2 6 z-mnz 
'&mnzM\mm Lz^zzmM* 3 0 ^iusx-y^u -y f£^& 0 7^ 

&m d jstm m&z -rzztz-foZo 

OCD-gR^^-To Sfes Is] l^jdfM 5 0©±^{i N -#^fb[III£Jg|| 5 3 £ 

5 2 tiwmznr^Zo z<dt k n u 5 2 cj± % aat&v h g 

^7^51 izwtu^ti^m^Rxfm^M^^^x^^R-^mmt^m^^^m 

Y^yvxtR wmnftmm* &&m-e & s <> z © * a frtaftst^ & -#^b $ n 
izmt>*)-&<, ftfe<Dm'b&umm%&tozm<Dmm&&<Dbmz'p& < t<b 3 

zft&{£0z£izmw.j5fa\z-Mh$tiTu% o n\%s *mw<Dmm.mwim&#. 

mm-Ky? • 7>**A • T^-fe* • y (DRAM) £:te^TjtJifcRrt&& 
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b<0* bbX&ftZv hft&&fflkt&o :©DRAM(W«$l), Ltcrt 
«s it«WJ?V^*;i/3^-f KM (-r&fc>*> s «5j4 0 0 OA) ttift^»j£«£EB 

o ctKc^-UT, Jt«w»v>*;i/^^>r h*s (<r&fc*>, mz 5 o A) 
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mw^nmz., tim<n\m-(F>±z tzFmwm-tZo wmiiz^ m^ji 
z (DtttiiW \mm 250 -)■ ; wMmT:$> *> ^ vr-t u < \m 5 o + y s 

i: ifi X § § * © h fl} D £ ti & o A^r f 3 x * ;i/ tf'Pte ( 7 ft « <W -f 

^n^oimom^mzmt^b^imm^mmizm&t^zt^x^ 
rvmsm (a-si) tmttmxi£^Pimx$>z>o zo^mtmmzw&mz. 
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■M t 5 C £ IZ <fc *) ft & o f § ffitfcttfl) 7d^7A M/figf |; & tT -v h 

'T- ^kitt-tr a C £ £ J; *) ii/#£ti3o Lfe36*oT> Jfttffi© «JM 

<D'U i~ 'J W«*«#*-*t&a#-£* &ft* 0 
±fc *3 ft* J: 5 fc, HI5ttGe-Te-Sb **fl^*©=^jR»B|-c;fc 

<Dmmftz®tmmtpt>nt>ixz><> ^5)©^®^.=^ (a) n (♦) 
xvr (•) -e^^n, mmm>zi&mmfc$ntzmzzhb<D&&&ftMT% 
m&zzfrzmv&ttL (muxtzmm -c^ftSo 2mm<oT eiz^tsmmm 
(Dmm&!&w<zmz^z~z<DE.KWMm±izm$tiz>o ^mmitom, ztibo 

izmx-Tikz tizmizmt-rzo ^mmiz^xm^mmom^mt, siGe 

t^(:i^©$§MttGe 22 S b 22 T e 56 T& D> CtlliGe 2 S b 2 T e 5 & 
U<&2-2-5£fclWftS 0 C®2-2-5^(t £&Q{b£>HK IH5© 
tt*Ht:^$nS«a«B (Ge J ,Sb„Te«).5VC ( G e l8 S b 26 T e 56 ) 

29 Te 57 (GeSb 2 Te 4 fcU<«l-2-4fcfci9M*ft3) cftfcfcG 
e T e - S b 2 T e 3 I^7cg±0|l^D ffeSo C02-2-5M1-2- 

o 

06JiGe-Sb-Te^©3 «80=7c£&©/g?*£&-7c£-£G e - T 
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e <om nmtmz m t Q zm<d s mme> = : jc^.(d o%v>i mmit 1 - 2 - 

^#<fefctGe 8 S b M T e 5n Tr& ^ dtittG e S b„T e 7 fc L < fct 1 - 4 - 7 
£ & fftf tl So Z (D 1 - 4 - 7 £fctt H 5 © = 7ctt»BI±©*afiE E fcffi if "T -5 „ 

^6£*£ft3 1-4-7, l-2-4Stf2-2-5^ttE«^»©^- 

©*5*©7f*So Sei^ Te- 

Ge-SbvhU y ^^^»K:to&oTJt*»*Sl-fc|Ba*n^ **/WF*« 

* * * © ©3W« ^ * ^ 3 ^ > 55* i: «r^-r * J: ^ Jg t> n S C #*ffl##f 
££s ±»<D«k5l^ G e - S b - T e^W^I|giaoti)OiS«±l: 

***»^ ^©^#«©je^tt«^^«7c*©**as«*ffiK:^u-c* 

EI 7 {i s ^fb^li^ >( titanium carbonitride)$^T-^-5ISgp^z/> 
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I*I8W:, 'Qlhtr-f >( titanium siliconitride)£jSj,^T"&& JVi.W^n 

iRffittcowffi (aa&ws) *»e>#fjgifc («mio ©lotsst-soc, 

#J 2 m A s fc|#j 4 0ns fflt^;tj^ 
0ns©/i;i/7i)5ifflgS{:EPi!ia^n§o 

£tl3 0 HBfl. t^-'^EEPRO 
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u < mmi £ t <z) ? & -m? <omm<om^ & m to ?> t tz warn; 

/li-r, wrnmmm *> hum* z om&w^m© t-d ^ a £ nfcwvi 
wises »k zomtzomt&yj j-k? v - -xyvmz&m "m&mm 

fffi (memory equilibration time)" <D?3iZ'%Wtc\&WL/x-%)l<3f— ©flEgfc-fifrfr 
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